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An innovative ncw tclcrobotic  inspe{tioll  systerl~
called STAR has been developed to assist cIi~;; ~\cr Is
in the visual and thermal analysis of fli~tlt il;~rci
ware being tested in a simulated space ellvirc)i 1) ll(Tlt.
STAR, operating in a thcrrnal vacuuln  cll;l]l]l,c],
provides high resolution black and white ([W.TW1
video and infrared (lR) images of t(’st artic]cs
Viewing angles may be changed usil]~, S’1’A R’s
z-axis (up and down) as well as its ]Iali aTiii  tilt
movement capabilities. STAR’S IIloVC1llCJlt iS

controlled by the operator at a rcnmt<. (f~]~l],\ltcl
console which includes a graphical us!:] inter fact,
actuated by either touchscrecn  or mouse click. ‘)”w(J
monitors provide viewing of video slid 11< ir[m}:cs
simultancousl  y and a video tape recorder ] ~1 ( l~idcs
the ability to record either video or 11< illla~~s ill
real time. The STAR development was lr~,tl II ill
1991 and was comp]ctcd  in late 1994. ‘j’lir S’J’AI{
hardware was proof-tested in JPL’s 25-ft S]);lcc
Simulator (SS) in temperatures from 60°C to 19[)”(’
and at 10-6 torr vacuum. This paper C{CSC[  il]cs thr
architecture of the STAR rncchanical  aTici cu]ltl 01
systems and di.scusscs some uses of STAR t{) date
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INTRO1>I.JQTIQN
The first use of stationary l-3&W  vicl(w ca r:ic[ as

at JPL was in the spring of 1989 when tlir(,c \rcl(’Ll  IIIn

rated Pulnix  video cameras were procu]txl  aTIci
rnountcd in J1’L’s 25-ft SS to provide irnagcs (lL1 t irl~, a
satellite thermal vacuum test. Altlmu/\l]  Ihc
cameras performed well during the test, tllc fixcci
location of the cameras rnadc viewing of tllc t~’st
article less than excitil~g. Everyone wis})<(l  t}lat
the cameras could be moved to diffme] It vi(}vit Ig
angles during the test. In the summer of 1991, tllc
Te]crobotics  Group at JPL issued a rc~~~lest fol
c o n c e p t s  where robotics technolo~y  rni[;}lt IJC
applied prclductively. in response to tll(][ I rc~tlc:t,
the author conceived the idea for the clcvel<l)~]]l(llt
of STAR, a tclcrobotic  imaging system that c,]]] I)c
operated in a cold vacuum cr~vironmr[l[. Wotkills
with the Telerobotics  Group, a pro~x)sa] fol a
~c.botics develop!~eti.[~r.eject was pr.eparcd  ar Ld scn~
The develo >mcnt of S1 AR was carried out l,) t}, ( Jet
I’ro ulsion aboratory, California lnstitutc 0(’1 ccl~rKIl(I/,:f,
Oun er a contract with the National Acrona~]tw\  a]ld S]KLC c

Administration.

to hJASA, and was subsequently funded. I)cvclop-
nwrit activities bcy,an in the fall of 1991.

IksigninS mechanical equipment for operation
ir~side a thermal vacuum chamber used for
spacecraft tcstillS  ilIvolves  design corwidcratior~s
nc)t norr]~ally e]tcomtcrcd in robotics work. The
foremost considcro[ion  is chamber cleanliness -- the
nlcchal~ical parts ]nay not bc lubricated with any
compound rlc)r bc ]~ai]ltcd with any material that
will contamillatc  tllc charnbcr. Also, the moving
parts r] lust bc capable of withstanding tcmpcraturcs
fronl -190”C tc) -t _t40’(’.  Ckrbles must be vacuum rated
and must maintai[i  their flexibility at very cold
tcrn]wraturcs.  Firullty, motors, switches and drive
train components ]Ilust all bc vacuum rated and must
be ablr  tc) withstar~d the cold space tcrnpcratures.

‘1’hc Tc]cmbc)tics SIOLlp took these design criteria
arlci, during I:Y9?,  ~lrcrduccd a working robotics
systcrl I that provided both monoscopic and stereo-
scopic  imaging of test articles using three I’ulnix
I\&W video cameras. l’his syste:n  consisted of a
pulley }lousil~g asscl]lbly with a vacuum rated drive
lnotor,  a carlia~,e asscrnbly  with spring-loaded
wheels  to travel vit, ~ ation-free on the z-axis of an
alurni]~un}  beam, a ])an-tilt unit rnountcd on the
carriaf,c  assembly, three cameras (one with a zoom
lens) I]tou[ltecl to the pan-tilt unit, a remote control
statiyrl wilh monitors anti a stereoscopic viewing
headset to view the test article images.

Jr] 1 ‘Y93, the SI”AR team continued the develop-
rncrlt of the computer cc)ntrol console and added an
11< carrwra to the ilnafiir~~ systcrn, lnfrarnctrics,  Inc.,
provided a Model 760 11{ In-raSing Radiometer to JPL
to test the fcasibilit~l of operating an 11< camera in
a t~wr”rl  ial VacUUIIl e]lvironrncnt. ]n Scptcrnbcr 1993,
a  fL]ll ],erfor]nance test was conducted with the
‘W’AR system lnc~ulltccl inside one of JI’L’s thermal
vacuurll chan~bers. This test included two I>ulnix
13& W ~’icieo camel as (one with zoom lens) and the
Moclc] 76011< came] ii lent to us by lnframetrics  for
this test. ‘1’he S’1’AR hardware and all camera
systems  pcrforrncd  ftawlcssly  yielding excellent
ancl useful imafics  of the tllcrmal response of an
enfiinceling  model of an elcrncnt  of the Cassini
spacecraft ~ )owcr system.

1] L FY94, the S2”AR t cam focused c)n improvement
of tl)e remote colitlo]  system and orl preparation of
the S’I’Al{ hardware for a test in JI’I.’s 25-ft SS. A
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controlled copper base plate to simulate thl’ lelJLp-
erature of the exposeci petal on which tlie Rov{,r is
mounted (the base plate closely follcjws tlic hfa rs
ground temperature); 2) a temperature cor)tl ollt.d
sky piate to sirnuiate  the diurnai sky te~rl~wr.l~llrc;
3) a wind generating machine to simuiat(  wirlc] at
6 m/see and 12m/see; and, 4) a twnpwaturc
controlled compensator piate to assist in c{JntI ollirl~
the temperature of the gas being drawn tll~ ou~;h the
wind machine and biown towards the Row’!- EM.
Figure 3 schematically illustrates the test fixt ~tre.
Figure 4 is a close-up photo of the test f,xtllrc }~’ith
the Rover mounted in piace. Details of the w’irlci
machine drive iinkagc are described belf~w it I lcI .~rc
illustrated in Figure 5. A temperature corltl(]ileci
chamber wail and floor shroud systenl seI vcd to
condition the 8 torr GN2 in the chamhcr to Mars-
like temperatures.

WTND  MACHINE DES_~T:l)rX
Creating wind in an 8 torr environmv]lt was a

challenging undertaking. A motor-driven f:) T [ \%’as
selected as the mechanism tc) generate t}w w’illd.
An 8-biade, 762 mm (30”) diameter stai?llcs:, stre]
(SS) fan was driven by a three phase, 8-] KM [ a r 1 ml I
brush, 5 Hp dc rnotc]r with a 31.75 nm~ (1.?!,’) S5
shaft. This motor was selected prima rily bcc( i u sc it
was readily available at no cost, A magi wt ic scvw~
measured shaft r-pm and a constant spcccl io~i(’
circuit was used to controi motor speed u~) to 1 (100
rpm. To protect the motor from the cold tul~i]>w
atures and the low pressures c)f the simllia tr(; hiiir~
environment, it was necessary to mount tlw n mtc)r
inside a sealed canister [304.8 mm (12”) 11), 702 riul 1
(30”) long., with 381 mm (15”) OD flarq;cs o!l each
end]. The enclosed motor was cooled wit t ~ a tc] I)],
erature-controlled  GN2 gas stream fed thr(lu?,h i!

12.7 mm (0.5”) SS fiexhose directly into the n~cltor
frame then vented out the canister tc) atlnos},hclc.

The motor drive linkage included a f;S tl :i~ [sit iol]
[31.75 mm/19.05 nm~ (1,25’’/0.75”), a 19.05 ~m,i
(0.75”) standard brass coupling, a 19.05 lI~rl( (().75”)
SS water-cooied  Ferlofluidics  rotary seal, i\ I tcl a S!;
19.05 nml/31.75 mm (0.75 ”/1 .25”) transitiorl w’l)ic)l
linked directly to the fan hub. Lir]ka[:es wer(
keyed and the keys on the transitions wcr(} abic t(I
be tightened in place with a pair of set sctrws.  ‘HI(
coupling also had one set screw whic]l 10cLcc1 tht’
coupling to t}~e shaft. Linkage detaiis arc S}1OW’II ill
Figure 5.

To ensure vibration-free operation, the ( a ]~ister
was bolted securely to a 381 mm (15”) [)] ~’, ?4-hc)l  L’
flange which was welded to 152.4 rri In (f)”) wicl(’,
12.7 mm (0.5”) thick aluminum cr(jssl)ars  ;arid
centered at the horizontal centerlirle c)f the u] I-
stream side of a rigid structural frat[~e  [“1[,50 rn][l
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(65”) 11 x 1752 rnni (69”) W x 2032 mm (W”) L.]
fabricated from 101.6 mn] (4”) square aiuminum bar
stock. The fan was cnclosed in a 813 mm (32”)
diameter SS sheetlrwtai  housing which was
swaged dc)wn to a 559 mrrl (22”) diameter at the
wind discllar~e  plartc. A 559 mm (22”) diameter,
12.7 mm (0.5”) thick sheet of SS honeycomb with
6.35 rr,rn (0.?5”) holes was attached at the dis-
charge piane to direct the wind uniformly towards
the I<c)ver-EM. A conical wind diffuser [838 mm
(33”) base  diameter, 432 mm (17”) long] was
installed at the dc)wnstream end of the structural
fra~ne to distribute the circulating gases eveniy and
to mir,imize  the possibility of back-flow buffeting
of the winci against the Rover-E.M. The Rover-EiM
was nmunted orl a tmnperature-controlled copper
base plate and was centered in-line with the wind
discharge plane facing the wind. A 2946 mm (9’-8”)
diameter mylar cc)vcred disk barrier frame was
mounted above the structural frame to help keep
the cil culatinfi gas cc]ntaineci in the lower portion of
the vacuum chamber. F’inaily, a fan intake cone
[6$6 Ijlrn (27”) diameter swaged to 381 mm (15”)
ciianleter) was installed around the canister to help
smooth and direct the i)ltake gas flow sb-eam to the
the faTt.

The wind spcecl calibration was done using a
hot-wire anelnorIwtcr which was an engineering
rnoclel of the Mars Pathfinder Wind Sensor
(ASi/hH{.1).  ‘IWO reference plates (one gold foil
surface and c}ne biack paint surface) were instailed
as a back-up to t}~e hot-wire anemorneterto  to
provide a “sa~~ity check” of the actual chamber
conclitioru-i as well as to help with the evaluation of
tile heat  transfer correlation calibrations. The
rcfermlce plates were rlwunted above the rover soiar
panels, the goid plate followed by the biack plate
(see I’igure 4).

yrwyAJRY_T:t:sl’1’ y[(!yc.s
‘i’he I<over-I{M test was fraught with challenge.

At airnost every step ill the test plan, the operators
were faced wit}l ~>rc)blems  that required rapid
rcmeclial action. I1cluipmcnt failures coupled with
trial altd error o~m-ator judgments made this test an
unfol gettable experience. We learned that creating
a sin~t]latiorl of a Martian surface environmer~t is
mow difficult tharl one might imagine.

T},c. test bc~all OT1 the morning of 10/22/95. The
ir~itial attempt at evacuation of the chamber with
the axiai compressor failed because at the onset of
pulnldown, the }~rirnary chamber door o-ring was
llc~t .se:ited propel ly. I’OUI hours later, after reseat-
irlg this O-ring,  t}~e pumpdown  was started again
I)ut tile chamt)er pressure leveled at about 4 x 1 0-2

torr i]~dicatinfi  a leak. A stnail leak was found at



graphical user intcrfacc  for operating thl. varic)ll~
STAR ctrive functions wasdcvclopcd  usirtg l~ltlvic~v
software and touchscrccn  actuatic)rl. Al>t), all
Inframct rics Model 760 IR camera was procu I ~sd :1 nd
rcadiccl for use in the thcrrnal vacuuln cllaml xl. III
Dccernbcr 1 9 9 4 , a  f u l l  systeln ful,(  tiolla]
pcrforxnance test was conducted in the 2f1 f[ $~~ao.
Simulator with very successful results.

In octobcr 1995, the IR camera port i(>]l  of I,hc

STAR hardware was mounteci inside J1’I ‘S I () ft S!;
and w:is successfully used to image the hla~s I<ovcI
engineering model during its therlllal c)tar:ictcr -
ization test. in April and June of 1996, f; I’AR ~’ill be
used to image Rover n~c)vcment and 1 allcler t}lr[ 1 [wI
response during tllc Mars Pathfinder t)lcr[l~a]
vacuum tests in the 25-ft SS. The various systc] 1~< O(
STAR are described ix~ more detail ill tlw f(,llo\vinf~,
text. Figures 1 throu@~ 5 illustrate S] ’AR’S n Lccll.
anical  details.

srAK-z-4xt s
The STAR z-axis motion design was O1lC c)f thf:

most significant challenges of the S’I’AI< },] ojcct.
After extensive research in evaluating voric,us
drive mechani sins, a design choice was r nadc to usv

a 0.2 mm (0.008 inch) thick x 50.8 mII)  (2.() i] Kh)
wide half-hard stai~ilcss steel belt wralJ],ill{;  over
a 2.54 mm (10 inch) diameter pulley. 1.al)c)rittory
tests of the belt showed that this bc’lt c(,t]ld }t~itli
stand a 908 kg (2000 lb) load befolc, t,l cakili~.
Because a belt breakage could have c;itastro~~hic
consequences, a twc) belt system was (1(+.i~ll(ci so
that each of the belts alone could takr tllr lll,ixi
mum load of the STAR carria~e asscl~~bly,

The z-axis motion is provided by a 7 Al III ((~2. !,
in-lb), brushless  DC motor that is ratml to (}~-wr ,ate
in cold vacuum collcIitions. A 24 VIJC f:lil-si~f~
brake that cmgages whenever the c1 rive n,() It);
power is turned off, is connected to the back of i hc
drive shaft. q’hc z-axis motc)r drives d~]al  il,-li II(
254 mm (10 inch) pulleys thrcmgh a 50:1 }1.~r l~l(lni{
drive yie]ding  a 240 kg (530 lb) liftill~ (a],al,ilit),.

The carriage asscvnbly was designccl to bc as
vibration-free as possible. Twelve s~)I i~l~,-loa(led
Vespel  guide wheels serve to keep the earl i:~gt
assembly closely cou~>led with the SU})}X)l  I 1  KLaIII

and to accolnmodate  the dimensional v:] I iati~)ns
caused by thermal expansion and cent t ac[iml ovcv
the wicie temperature range of opera[io] 1.

lhe z-axis beam is a standard 102 r]~rn x 30~~ rtull
(4 x 12 inch) aluminum 6061-T6 C-clI:iIIItvl I)(iiI],
that has been black anodized. Ely usill~ th[,
appropriate lcmgth beam c)f the same s] x,(ifi( a t i(~]l,
STAR can be mountccl itl chambers of val i(l~ls si~[s.

The carria~e assembly cargo, the IIa IL- [il t t]nit
and the cameras receive power and co])tt~]’[ sij;lm]~,

tlirout;h  a custorll-built cable of flight rated wires
confi~ured  in a flat braided weave. This config-
uratio)l allows tllc cable to be flexible even at low
tcvnpcratllrcs. ‘1’}w cable is housed inside the C-
cllarlllcl, is attaclwd at the half-height point on
tllc bcarrl and IOC)I)S down withirl the beam. The
flat cable weave allows a 280 mm (11 inch) dia-
nwter, 180” bend i[i the cable as it travels up and
dowli  the CI-chanrlrl beam behind the stainless
steel drive belts.

S’I’AM I:A.N-”!  ‘1.K4’ LJF.T12’
~’hv p~n-tilt urli t used in STAR was an off-the-

slmlf u~mnwrcial product that was modified for use
iri t~l~ thermal  v:icu  urn elivironment, The n~odi fica-
tions illcludcd 1 ) corrlplctcly disassembling the unit,
2) rcriloving pairit ard ar~odizing from metal parts,
3) clear~ing out all lubricating greases and oils from
bear i~l~;s and ~cars and replacing them with a 10%
Braycote  600 vapor ctepcwition coating, 4) replacing
a l l  wiring  wit}i fli~ht-q~lality ‘1’eflon-insulated
wirin{;, S) fabricating a new pan-tilt unit cover that
could l)c scaled to preve~lt the escape of particulate
contal]~inants, ard  6) baking the entire assembly at
1(~) ‘C ili vacuum to C)utgas residual contaminants.

S’!’Al< lN!S11<LJh411.N1:S
I“he instrunmlt  platforli~ mounted cm the pan-tilt

uriit consists of two hi~h resolution vacuum-rated
IJulilix C([) B&W \?idco cameras, one fitted with a
zooln le]is, the other with a fixed focal length lens,
slid all Infrarnetl ics Model 760 infrared Imaging
Radic)rneter  (11{ carlwra). Ileating  elemerits were
attacllcd  to these cameras and were wired to
thermostats tc) xnaintairl veridor specified operating
te]npmatures  durirlg cc)ld temperature excursions.
Als6, fcwr col)~]>~ltcr-colitrolled lights were mounted
near t}w ca~lieras to prc)vide illumination of test
articles as needed. ‘l’he camera assembly was
covcrrd by a thcrlnal  blanket to protect it from
direct solar irradiatic)li as well as to insulate it
frc>nl  tile cold chalrlber walls.

~’IA]< ()} ’uI<A”I’c_)l< ~()~fl{~~ f$~~~~~~jfi)

STAR is coritrc)llecl at the OCS located outside
the cl,anitm-. ‘I”lic (YCS is a double racked console
equipped with a staliciard 486-I’C running on a
M7ind(~ws  3.1 c)perating  system, a 356 mm (14 inch)
color  llionitclr witl~ a Micro-Touch touch screen
display,  alid a I,abvicw-based  graphical  user
interface. ‘1’hc C)C’S control computer contains
l’recision Micro<  ’o~itrols’ DCX PC100 servo control
modules and analc)fi  a~id digital 1/0 ports. A three-
cllallllcl  video board from Win/TV provides on-
screcII  vi(lco  irnasc  capture and processing. The
0(1S lIaS two hi~}, quality video monitors and a
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built-in VCR for recording the OUI~JII(  110111 the [1<
camcva or either of the two 13&W caI]Ir~a>,  ‘1’t:c
OCS rack also houses  a systcm  I/C) lIIk’I fa( c I!(IX

which includes manual control switc h~:s f~)l  ]J;  In,

tilt, zoom and z-axis positic)n, a pow~,l (iistritlutit:]]}
box and the motor amplifier that po~vcrs !;’l”Al{’s
z-axis drive motor. At the OCS, an O}X’T ,~t{~]  i~ a])le
to control the elevation ancl orientatiorl O( 5’i Alt’s
instrument platform and to make a(ijustl l~f.llts to
camera sett ings,  to capture irnag,[}s, to adjl)st
lighting and to perform system checks/d i:i{lt~w;tic . . .

mwllLIZMlONIQQU
l’hc STAR system  has been used SlL\FI.IJ ‘II tix[lts

since its’ installation. First, durin~ tl~c lllal,}liltS of
the uniformity of the solar beam il~tcllsit}~  (OI :11)1  ‘s
refurbished solar simulation syste~~~ ill t}ic 21, ft sS>,
STAR was used to monitor the chambcl flo~)~ ald
rnappins equipment for hot spots. (hte (~twcl \atii)rl
made by 1 R camera was that the cal)le };(lar~ls
which were shielding the mappin~; [v.jlli])lnc]lt
cables from the direct IiSht were ~ct{il~p, )!(rs l~:>t
during periods of illumination. ‘1’his Ob~,>JV/ ti(lll
led tc) the removal of the cable guar(ls t,) pr(vc] It
overheating of the wiring. Second, durirl{;  thr  firiil
functional perfc)rmance test of STAR ill a [Ill] cold
vacuum environment, the 11< camera rcvt’:llcd tl~.it
four of the finned aluminum shroud ])i~wlil ICS  wur  c

being cooled and heated slower thall ~vcr( ;l(lj~c(r  [t
lines. Cooling and heating of the pcrsoIiIIcl  (io(r
also lagged the adjacent chamber shrouds. ‘1 ;h(’st’
findil\gs identified chamber ther]]w] i)l].~] I,;ili(s
that need to bc considered during the) ]i)i]l :Ill;:lysis
of test results.

In C)ctobcr of 1995, the 11{ Carncra W;I< l]s~,~ tO
image the thermal response of the h~ars l<ov~r [o
simulated Martian environmental coll[!itioll~,.
With the use of STAR, variations of COOI il~~, rat(s
on the Rover surfaces could be seen in r~v 1 t i 1 r w.

In April and June of 1996, S1’AR will l)c us[d tc,
observe the Mars l’athfindex  spacecraft wllilr it is
being tested ill both simulated space c(~]diti{)r]s arll
simulated Mal tian surface envircmmcl~t c(}rl(!iti[)ns

1~~1~~~ -EN] IMN_C’LMIWTS/Al?Nl  IcAI’lo K$
A ~)lannccl near tcrln future en}~a~icclllcl~t  tc, t}lr

STAR system is to provide the c,~]xil)ility  to
b r o a d c a s t  live  or  recorded video c)r 1 [< i~,]:)gcs
directly to Suest invcstisators via the lrlterrlct tly
utilizing Cornell UIiivcrsity’s  CUCIiI; hlJi ~[~ftvfarl,
I“his  caj)ability would allow cn~incels  to ~vittl~s~
spacecraft tests from locations on-lab at ]1’1 or
world wide. LJsing the NASA televisio~l  t~r o:i(ica ~t
model, a copy of the STAR irna~e out})ut ~vi)i)ld t]~~
fed into a CLJCIIIIMI; reflector and flo]tl t}{cr~ Cn{,)
the lntcrnet.  Access to the ima~es COI1lI1 tl~l.’~l l).,
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acc[.ssc’d on Maci Tltoshc’s or Wil~dows-based work-
stations by sin~]~ly connecting to the Space Sin~u-
lator rcf]cctor  site. \Ve plan to implement this
capability for usc during the upcoming thermal
vac~tum testinr, of the Mars Pathfinder spacecraft in
Jr’L’s 25-ft Ss.

‘1’IIc STAR hal dwarc has been proven to operate
effectively in a cold vacuum environment. This
capability allows visual and thermal analysis of
spacecraft while lwing tested in thermal vacuum
charllbcrs. I lowever,  an extension of this technol-
ogy ~;oes bcyollcl terrcx+trial-based thermal vacuum
chatllbcrs. Spacct)ased  applications of STAR-like
systc’rns may prove beneficial for many missions. It
can be envisioned that a STAR-like system could bc
lnollrlted alone tile lon~itudina]  axis of the shuttle’s
]>ayload bay to iriia~e tmnpcrature  transitions of
])ay]oad  articles. Also, a STAR system may be
usef~l] for s~)acc-sicle  a p p l i c a t i o n s  f o r  t h e
Inter [\ationa] S~Mcc Station Alpha for therIllal or
visual analysis of external surfaces and components,

S~J~JI MAT{~
~’}le S1’AR systcirn is a valuable new tool for use

ill tllcrma]  vacuum test  chambers. l’hcrmal
i]na[; ins of test aiticlc  surfaces with the 11< carncra
froni a variety of viewpoints enhances the the
ability to ar~alyz{,  thermal characteristics of test
articl~’s in space simulation chambers. Also, the
vicleo cameras ~)roviclc a method to visually inspect
iin(l irl~{l~e-doci]ri~eI~t  test articles in cold vacuum
C()]lditio]w. I’urtller, the technology of this type of
ilna~,il~g systmn can bc extended to applications in
i)ct ~{]1 space envil ollmcl Its. The team members who
cor~ccivc!d, dcsigllcd,  fabricated, implemented and
tcs,tccl STAR are excited  by STAR’s excellent per-
formance and are intcv-esied in encouraging wide-
SpI  cad  use  of this technology within the space
colmlwnity. We invite serious inquiries which
co~ll(i rcsul(  in tlie dcvclopmcnt o f  S T A R - l i k e
robotic dcviccs  for space applications.

ACKNO.WJll?GlfilI;NrS
“~lw S’I’Al{ dcvcloptlicnt  project was sponsored by

NASA <~odc X u]ldrr the dirccticm of Dave Lavery.
JI’I.’s progratnmatic  arid technical supervision was
~Jrc)vided by Kcrl )ohrison, Chuck Weisbin, Sarnad
} layati,  I>an Kerrisk,  }Iomayoun Scraji, Georg
$;iebcs, ancl (;CIIC Nc)llcr. ‘I’he )ncchanica]  des ign
was do]w pt ilnarily by l~ou,g McAffce.  The graph-
ical Llscr interface was developed by Mark I,ong,

Rcfwt,t[ce  herein to any specific commercial product,
procc+  or service  t,y trade nartw, trademark, manufacturer,
or ot}wrwise,  does not constitute or in~pl its endorsement

J?by the [Jnitecl  Stat(,\ Government or t c Jet Propulsion
[abor,,tory,  Califor[,ia Institute of l“cchnology.





01/15/96
*

Figu

PHCI(

.-.-+-

--- ,,.

Ficyre  3, STAR Carr~:~go Assembly, f3ack-lscm)etrie-View
- .—

2EEDINGS-.  Institute of Environnwnkl  S( it rtws

k?lot17



01/15 .’96 10:16 =8183  @35048 EYV TEST lJ4B-Jp]_, UI[I08

,.. .

r---- ...~.. l>il: . .

,_ ,., .-.

. . . . . . . . . . ._. .--

K--!-=: ,=:A :-i
,;r). . .

L.- —.-, .- ”,...- ,_, . . . .~--.-l

k

Figure 4 WAR

..4

, ,.

L.,. -
. . .I-,.

-1. . . .
I

-1

‘Y- F-, --- ,--—. --

p. . bQ?y  -- . . . .
!! W.,

PtmHiH  Unit, Front, Side and Ehttcm  Views

/

/

/

/

Par) .hxis ,. ,,

Figure 5 STAF{ PariT’dt Urlii, Memal  Drive Mechanisms

PROCEEDINGS--  -Institute of Environmor\tal Scie; wi


